In this paper, the impact, absorption and evaporation of raindrops on building facades is investigated by experimental and numerical means. Laboratory experiments were carried out to study the impact of water drops with different diameters, impact speeds and impact angles on a porous building material surface (ceramic brick). The measurements showed that large drops with high impact speeds splash, and that drops with high impact speeds and small impact angles bounce. The measurements, furthermore, allowed measuring the maximum spreading length and width of the drops as a function of drop diameter, impact speed and impact angle. Then, a numerical analysis was performed to study the distribution of impact speed and angle for raindrops hitting the facade of a 4×4×10 m 3 tower building. The results demonstrated typical and important tendencies of impact angle and speed across the facade. Finally, the experimental and numerical data were used in a more precise three-dimensional simulation of impact, absorption and evaporation of random and discrete wind-driven raindrops. This was compared with the common one-dimensional simulation of absorption and evaporation at the facade considering a continuous uniform rain load as boundary condition, and significant differences between the two approaches were observed.
Nomenclature

Introduction
Wind-driven rain (WDR) is one of the most important moisture sources for building facades and has thus been of great concern in building science [1, 2] . The behaviour of WDR is governed by the combined effects of the airflow around the building, the geometry of the building and its surroundings, and the horizontal rainfall intensity. In reality the WDR load on building facades is the impingement of individual raindrops whose spatial and temporal distribution is discrete and random. As a matter of fact, WDR is such a complicated boundary condition that in numerical simulations of heat and moisture transfer in building components, it is commonly implemented as a moisture flux averaged over space and time: over the surface area and over the time step of (hourly) climate data [e.g. 3, 4] . This is a simplified approach which allows a speedy numerical simulation, but does not correspond to reality. Such simplification of raindrop loads may lead to a significant difference between the model and the reality: e.g. the wet spots caused by individual raindrops hitting the wall surface have a much higher vapour pressure than the averaged surface vapour pressure in the simplified approach. Also when a raindrop splashes or bounces at the wall surface, a fraction of the raindrop is neither absorbed into the wall nor evaporates at the wall surface.
The phenomenon of drop impact has been studied by scientists and engineers in several research fields, and reviews of this topic have been made from different points of view: the reviews of Bennett and Poulikakos [5] and Healy et al. [6] focus on a semi-empirical model to estimate the maximal spreading of a droplet impacting on a solid surface; Rein [7] made a comprehensive review of the liquid drop impact on solid and liquid surfaces and Yarin [8] reviewed the recent advances. Also much research, via numerical modelling and simulation of drop impact, has targeted a better understanding of the detailed behaviour of a droplet at its impact. Recently obtained simulation results demonstrate their noticeable validity [9] . So far however, while the impact of a water drop on a solid surface (e.g. glass surface, steel etc.) has been intensively investigated experimentally and numerically, only few researches have studied drop impact on porous materials [10] [11] [12] . The latter publications show that the behaviour of a drop, at impact on a porous material, depends on droplet diameter, impact speed, impact angle, viscosity, surface tension, temperature, material properties etc. Because a raindrop is generally considered as pure liquid water, viscosity and surface tension can be reasonably assumed constant under the temperature and pressure of the liquid phase of water, and are not of interest for this study. The current study focuses on the absorption and evaporation of multiple drops after their impacts as is the fact in driving rain loads on building facades.
The first part of this study focuses on the raindrop impact on a porous building wall surface (ceramic brick). In laboratory experiments, the behaviour of water drops when hitting the building material surface is investigated for droplets with different diameters, impact speeds and impact angles. In the second part, these data are combined with numerical investigations of impact speed, impact angle and specific catch ratio that can be expected for raindrops hitting the facade of a tower building (the catch ratio is the ratio of rainfall intensity collected on a vertical facade to the rainfall intensity on a horizontal surface in the free field; "specific" means that the catch ratio is determined for raindrops with a certain diameter). This part is based on recent advances in computational fluid dynamics, which make it possible to predict the airflow around a building and simulate the trajectories of raindrops around the building, providing a much more reliable and precise distribution of the catch ratio over the building facade [2] . Finally, in a third part, the standard simplified approach, a one-dimensional simulation considering a spatially and temporally averaged rain impact as boundary condition, is compared with a precise three dimensional simulation of the discrete and random raindrop load.
Measurement of water drop impact on a porous building material surface
The behaviour of a liquid drop at and after its impact on a porous building material consists of spreading, splashing, bouncing, absorption, evaporation, etc. The definitions of spreading, splashing and bouncing in this paper are illustrated in Fig. 1 based on the figure in Rein [7] . Compared to spreading, splashing or bouncing, phenomena that happen in a few milliseconds, absorption of the droplet by the porous material and the simultaneous evaporation are considered to last at least 100 times longer. The measurements shown here investigate experimentally how a water drop behaves in the first milliseconds after its impact and to what shape it is transformed after spreading. Specifically the maximal spreading length and width are discussed. This data will be used in §4 as input for the discrete three-dimensional simulations of the absorption and evaporation of WDR on building envelopes.
Measurement set-up
The impact of water drops on a ceramic brick surface was measured in the laboratory. For the material properties of the ceramic brick used in this study, the reader is referred to Hagentoft et al. [4] . For the experiment a specimen was cut out of a fired clay brick, resulting in a smooth surface as shown in Fig. 3 and Fig. 4 . Note however that no physical data concerning the surface roughness are available. The drops, with diameters of 2.0 mm (±0.1 mm) and 3.9 mm (±0.1 mm), were released from a hypodermic needle or a pipette placed at different heights, hence with different impact speeds, and at several impact angles. The diameter, impact speed and impact angle were determined from high speed camera (MotionXtra HG-100K, Redlake) images (1000 pictures per second). At the same time, the shape of the wet spot on the surface (the adherence shape of the water drop) was captured with a digital camera. Fig. 2 shows a schematic overview of the measurement set-up.
Results and discussion
As an example, Fig. 3 and 4 show some pictures of the spots wetted when the water drop spread, spread and splashed, or spread and bounced on the brick surface. In each figure, the wet spots for 4 different impact angles are compared, in Fig. 3 for 2.0 mm drops falling at 6.8 m/s and in Fig. 4 for 3.9 mm drops at 7.5 m/s. Apart from spreading, splashing and bouncing were observed. Splashing was observed for the larger drops (3.9 mm). Bouncing was observed for drops with a low impact angle (24.5º for the 2 mm drops and 15.0º for the 3.9 mm drops). Though it is difficult to determine from the pictures what volume of water bounced and splashed, the observed splashing and bouncing indicate that the volume of rain during a certain period, which is typically measured by a wall mounted rain gauge [2] , can be different from the volume of rain acting as a moisture source for the building wall. The wall mounted gauge collects most of the raindrops which may sometimes splash or bounce at porous building wall surfaces, although part of the collected rain can be adhered to the surface and evaporate as well. Fig. 4 , the wet spots are sometimes irregularly shaped, making an exact definition of spreading length and width unclear. Here, the maximum spreading length and width of wet parts were determined by taking the middle of the fingering parts (irregularly shaped edges of wet spots as clearly seen in Fig. 4 (a) and (b) ). In general the spreading length ( Fig. 5 (a) ) remains almost constant when the impact angle is above a threshold value and it increases with a decrease of impact angle once below this threshold. But the spreading length of 2.0 mm drops at 6.8 m/s impact speed decreases between 33.3º and 24.5º impact angle due to bouncing. On the other hand, the spreading length of the 3.9 mm drop with an impact angle of 15º is still longer than the one with 38.0º, although the former drop bounced and the latter drop splashed. The spreading length of a 2.0 mm drop at an impact speed of 2.0 m/s remains almost the same when the impact angle is larger than 21.0º and steeply increased with the decrease of impact angle from 21.0º to 10.5º.
The spreading width of the corresponding drops is shown in Fig. 5 (b) . The spreading width for a given drop diameter and impact speed slightly increases with an increase of impact angle as a general trend. This relation between the spreading width and the impact angle is almost linear. Yet the spreading width of the three drops that bounced is distinctly smaller than that of the drops with a larger impact angle. Note that each data point in Fig. 5 represents a single drop, but the smooth trends seem to suggest little scatter.
Numerical determination of the impact speed, impact angle and size distribution of raindrops at a building facade
The measurements described in the previous section showed that the behaviour of a raindrop at its impact on the ceramic brick surface under study is mainly determined by the size, impact speed and impact angle of the drop. During a natural rain event, impact speeds and angles of rain drops are determined by the trajectory from sky to building facade and will strongly depend on the size of the raindrops, the airflow around the building and the geometry of the building. This section numerically investigates the distribution of these parameters on the facade of a tower shaped building with overall dimensions of 4×4×10 m³.
Description of the numerical method
The size of raindrops falling in a stagnant air is distributed and its distribution depends on the horizontal rainfall intensity. Although the size distribution of raindrops can not be generalised as a function of horizontal rainfall intensity, the measurements of Best [13] are often used as the most general relation between the size distribution and the horizontal rainfall intensity. The speed of these falling raindrops depends on the size of the raindrop and reaches a certain terminal value while falling. This terminal speed for a given raindrop diameter was given by Best [14] and empirically modelled by Gunn and Kinzer [15] . In the situation that raindrops fall near to an obstacle such as buildings or hills, the size distribution and terminal speed are strongly influenced by the airflow patterns around the obstacle. Choi [16] proposed a numerical simulation of the distribution of raindrops on the surface of such obstacles to determine winddriven rain loads on building facades; Blocken and Carmeliet [17, 18] validated this method on a full scale test building. The method of Choi can be also used to determine the impact speed and impact angle of raindrops for a given diameter and for a given location on the facade. The procedure comprises 3 steps:
(1) the steady-state airflow pattern around the building is calculated with computational fluid dynamics; (2) raindrop trajectories are obtained by injecting raindrops of different sizes in the calculated airflow pattern and solving their equations of motion; (3) the impact speed, impact angle and catch ratio of raindrops with a specific diameter are determined based on the calculated raindrop trajectories. In the calculation of the raindrop trajectory, the turbulent dispersion of raindrops remains an issue of disagreement amongst researchers. Other limitations of wind-driven rain simulation are discussed in Blocken and Carmeliet [17] . Although the validation of Blocken and Carmeliet clearly proved that an accurate determination of the wind-driven rain distribution on building facades can be performed [18] , the specific determination of raindrop trajectories still remains to be validated. Especially the trajectories of small raindrops are strongly influenced by the wind, but their effect is less important in the validation of wind-driven rain simulations, especially for moderate to high rainfall intensity.
Determination of the distribution of impact speed, impact angle and specific catch ratio on the façade of a tower building
Numerical simulation of raindrop trajectories hitting the facade of a tower of 4(x)×4(y)×10(z) m 3 with wind perpendicular to the facade was conducted with the method of Choi [16] . For different wind speeds the spatial distribution of the impact speed, impact angle and size distribution of raindrops on the facades is investigated. Although the accuracy of the above-mentioned method is not validated for the calculation of impact angle and speed of raindrops, the simulation demonstrated here is considered to be accurate enough to have an overall picture of the distribution of impact angle and speed across the facade.
First, simulation of the airflow field was performed with Fluent 6.2.16. A computational domain with overall dimensions 404(x)×204(y)×110(z) m 3 , in which the centre of the tower is placed at x=202 m and y=102 m on the ground level, was subdivided with 2.1 million tetrahedral cells based on grid sensitivity analysis. The aerodynamic roughness length y 0 to generate the profile of the wind speed, turbulence energy, and energy dissipation rate at the inlet (x= 0 m) was set at 0.1 (m) and the profile of wind speed, turbulence energy, and energy dissipation rate at the upstream part of the computational domain (x=0~150 m) and at the downstream part (x=254~404 m) was treated by use of the wall function with the equivalent sand-grain roughness height k S = 0.098 (m) and the roughness constant C s = 10 (-) [19] . At the outlet of the domain, an "outflow boundary condition" was used, in which no streamwise gradient is assumed. At the top and the sides of the domain, symmetric boundary conditions were used. With these conditions, the 3D Reynolds-averaged Navier-Stokes (RANS) equations and the continuity equation were solved using the control volume method. Closure was obtained with use of the realizable k- model. The SIMPLE algorithm was used for the pressure-velocity coupling. Pressure interpolation was second order. A second order discretisation scheme was used for all the convection and viscous terms. Note that the use of the tetrahedral mesh causes less accurate prediction especially in the recirculation zone behind the building, but a comparison of its result to the one of a structural mesh with 1.78 million cells showed the airflow facing to the tower is accurately enough predicted with the tetrahedral mesh.
In the next step, the trajectory of raindrops with a diameter of 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 3.0, 4.0, 5.0 and 6.0 mm was simulated with the method of Choi [16] . But now, not only the specific catch ratio, typically needed to determine the wind-driven rain load on building facades, but also the impact speed and angle distribution were calculated. Fig. 6 shows an example of the numerically determined impact angle, impact speed and specific catch ratio of raindrops at the centre (x=200 m, y=102 m, z=0.2~9.8 m) on the facade of the tower. show that the impact angle increases along the height of the tower. The smaller the raindrop size, the more widely distributed the impact angle. The impact angle at a low position simply increases with an increase of drop diameter, the one at a high position first increases and then decreases with increasing drop diameter. Also, the higher the wind speed, the higher the impact angle. Fig. 6 (c) and  (d) show the impact speed. The figures illustrate that the spatial distribution of impact speed for a given diameter is not so large. Combining both figures, it can be seen that the impact speed of a small raindrop decreases with an increase of the impact angle. Fig. 6 (e) and (f) show the specific catch ratio for a given drop diameter and position. The smaller the raindrop size, the more widely distributed the specific catch ratio. The position where the specific catch ratio is large also has a large impact angle. In this respect the raindrop impact with a large impact angle is more important as a moisture load than the one with a small impact angle.
Validity of the implementation of WDR as boundary condition in numerical models
In this section the commonly used simplified approach in hygrothermal building envelope models to implement WDR as a continuous and uniform boundary flux is compared to a precise three-dimensional simulation taking into account the discrete and random impact of individual raindrops. The input for the latter model is based on the results obtained in the previous two sections. First the two numerical models are described more in detail. Then both models are applied to two rain events and the differences between the obtained simulation results are discussed.
Traditional model for the implementation of WDR as boundary condition
In most hygrothermal building envelope models, the moisture stress due to WDR on a vertical wall is typically simulated with the assumption of the WDR load spatially averaged over the material surface and temporally averaged over a certain period. Without runoff, the moisture flux at the wall surface g m can be expressed as [e.g. 20, 21] :
Here, x is a coordinate with positive direction from the internal to the external, x′ is the position of the external wall surface,  is the surface film coefficient, p e is the vapour pressure of the air adjacent to the external wall surface, p s is the vapour pressure at the external wall surface, I WDR is the source term of the moisture due to WDR, k is the moisture permeability and p c is the capillary pressure. I WDR can be obtained based on climatic data files and standard procedures [1, 2] or numerically with the aid of computational fluid dynamics (CFD) and the previously described method of Choi [16] and its extension to deal with climatic data sets by Blocken and Carmeliet [17, 18] . In this case, the trajectory of raindrops with a specific diameter is determined in the airflow field calculated with CFD. The specific catch ratio on a certain position of the facade for raindrops with a specific diameter is deduced from the trajectory of raindrops. The specific catch ratio data are averaged into a global catch ratio taking into account the raindrop size distribution [13] . Given the wind speed, wind direction and horizontal rainfall around the building, the WDR intensity I WDR at building facades can then be quantified. Note that, when the wall surface is saturated, Eqs. (1) and (2) are commonly transformed into:
while the excess water due to WDR is mostly considered to disappear from the system as surface runoff. This simple modelling approach (Eqs. (1-4) ) has the advantage of an easy and speedy simulation, but its validity is uncertain.
Discrete model of WDR load on building enclosures
In the discrete model, the random spatial and temporal distribution of impinging raindrops, satisfying the statistical character of the WDR load, can be taken into account. To do so the WDR amount is distributed into a number of raindrops and each raindrop impinges on a certain position on the wall at a certain time. This approach is more realistic than the classical one, but intrinsically requires a three-dimensional simulation of the moisture or the heat and moisture transfer in the material. Of course, for practical cases this results in unacceptably time-consuming simulations, but here such simulation is employed to check the validity of the classical simplified approach.
The discrete model generates a number of spatially and temporally discrete raindrops by use of a random generator. In the current simulations, the random number generator of Compaq Visual Fortran Professional Edition 6.6a was used. The procedure is as follows:
(1) the (global) horizontal rainfall intensity is transformed into specific horizontal rainfall intensities (rainfall intensity for a certain range of raindrop diameter) by use of the Best relation [13] ; (2) the specific horizontal rainfall intensity is transformed into the specific wind-driven rain intensity by use of the specific catch ratio; (3) the specific wind-driven rain which is still spatially and temporally averaged is transformed into specific raindrops randomly falling at a certain time onto a certain location by use of a random generator. For the current study the specific catch ratio data for a reference wind speed of 4 m/s at 9.8 m above the ground at the centre on the facade of the tower building is used (see the bold line in Fig. 6 (e) ). With these catch ratio data, two fictitious 90-minute rain events, with horizontal rainfall intensities 0.1 and 0.5 mm/h, were transformed into raindrop sequences (I WDR =0.062 and 0.345 mm/h) in the above-mentioned way. To investigate the effect of both absorption and evaporation, the rain schedule of the 90 minutes starts with a rain period of 20 minutes, followed by a dry period of 10 minutes, again 20 minutes of rain and finally a dry period during the last 40 minutes. Fig. 7 shows the time course of the diameters of the numerically generated 92 and 292 raindrops which are randomly falling at a certain moment onto a certain location on a material surface with an area of 180mm 2 . Note that the load of these raindrops is quantitatively equal to the temporally and spatially averaged WDR load with the intensity of 0.062 and 0.345 mm/h respectively. Based on Fig. 5 (a) and (b) it can be concluded that due to the corresponding impact angle and speed (see the bold lines in Fig. 6 (a) and (c) ) of the raindrops generated (< 1.7 mm as shown in Fig. 7 ) no splashing or bouncing of impinging raindrops will occur. So only spreading occurs and in the current model a raindrop impinging at the building facade is transformed into an infinitely thin water film with volume and mass of the raindrop and with a rectangular effective surface area for absorption and evaporation, described by the maximum spreading length l s and spreading width w s . Although this transformation allows an easier generation of a better mesh, the difference between a real shape and the transformed shape may have some influence on the results in this section. However it is considered that the insights from the simulation results presented below still remain valid. Under isothermal conditions, the viscosity and surface tension can be considered constant and spreading length and width can be modeled as a function of the droplet diameter d, impact speed v i and impact angle  i . Based on Fig. 6 (a) , only impact angles larger than 30° are expected in the current study. Therefore the equations of l s and w s were made based on the measured data for water drops hitting the ceramic brick surface with impact angles larger than 30°: 
Each equation was made based on the 13 measurement data. Note that, because no theoretical study of empirical equations of maximum spreading length and spreading width is seen for oblique drop impact on porous materials, arbitrary forms of function were chosen for both equations. However d 3 in both equations represents that l s and w s are dependent on the volume of a drop. A comparison of l s (mm) and w s (mm) as a function of the impact angle given by Eqs. (5) and (6) with the measurement data is shown in Fig. 8 . Note that these equations are only valid for  i >30 º, because l s and w s for  i <30 º are often very different from the Eqs. (5) and (6) due to splashing and bouncing. Though the equations were not validated for d<2.0 mm, a possible deviation of the equations from the real value is considered to be less significant for smaller raindrops, because the value itself of l s and w s of small raindrops is not so large.
Therefore the Eqs. (5) and (6) are adopted for d<2.0 mm and for a low impact speed of small raindrops in the simulations of this paper. Furthermore the temperature dependency of l s and w s is not considered here. Note that Eqs. (5) and (6) were only derived for the type of ceramic brick used in this study. If materials with different surface roughness or porosity are used, these equations may no longer hold.
Numerical simulation of absorption and evaporation of WDR
The absorption and evaporation for the two fictitious rain events are numerically simulated under isothermal condition (10.8 ºC) by the classical one-dimensional averaging model (1-d model) and the three-dimensional discrete model (3-d model) . As in the laboratory experiments, ceramic brick is used in the simulations as facade material. The material properties are taken from a previous international modelling benchmark case [4] . The initial relative humidity of the ceramic brick is set at 75 %. The relative humidity of the moist air on the external side (front side) was kept constant at 75 % and the surface film coefficient for the moisture transfer at the external side was also kept constant at 1.54×10 -7 kg/m 2 sPa. All other boundaries were assumed impermeable. The mesh for the simulation of the moisture transfer by the finite element method [21] for the 3-d model is shown in Fig. 9 . Note that when the raindrops impacted the wall surface in the discrete simulations, it was assumed that the raindrops immediately spread at the wall surface and the time step was reduced to 10 -6 s. The following assumptions were also adopted in the discrete simulations:
(1) when a raindrop overlaps a wet spot, the mass of the water at the crossover of two wetted parts becomes the sum of the mass of their crossovers; (2) a cyclic boundary condition was imposed on determining the position of wet spots: e.g. when a wet spot intersects with an edge of the external material surface, one of the split spots by the edge that is not on the external material surface comes at the edge on the other side. Fig. 10 compares the simulation results of the 1-d model with the results of the 3-d model. Fig. 10 (a) and (b) show the time evolution of the average moisture contents; Fig. 10 (c) and (d) show the time course of the evaporation rate at the entire wall surface; and Fig. 10 (e) and (f) show the time evolution of the amount of the cumulative WDR for both models, cumulative evaporation for both models, the water in the brick for both models and the total adhered water for the 3-d model. Note that no excess water appeared in the simulations with the 1-d model.
As a general trend the average moisture content of the top layer (1 cm) of the brick increased due to the WDR load during rain events and decreased due to evaporation after them. The raindrops which spread on the brick surface were immediately evaporated or absorbed into the brick interior ( Fig. 10 (e) and (f)). A comparison of the two models for each case shows an important difference between the two models.
For the horizontal rainfall intensity of 0.1 mm/h, the average moisture content simulated with the 3-d model was higher than the one with the 1-d model. This difference can be attributed to the evaporation rate at the material surface. Looking at Fig. 10 (c) , the evaporation rate at the entire wall surface for the 1-d model was most of the time higher than the one for the 3-d model, even though the evaporation rate at and around the small wet spots for the 3-d model was locally very high. Only when a steep increase of the vapour pressure at and around a wet spot was noticed in the 3-d model, the evaporation rate for the 3-d model became higher than the one for the 1-d model. The difference can be explained more clearly by comparing the amount of evaporated water for the two models in Fig. 10 (e) .
For the rain event of 0.5 mm/h, on the contrary, the average moisture content simulated with the 1-d model became approximately 2 times higher at the maximum than the one predicted with the 3-d model. The reason for this is the fact that in the simulation with the 1-d model, the moisture content at the material surface remained below the saturated moisture content and the vapour pressure at the material surface was kept uniformly at a certain relatively low value. On the other hand, in the simulation with the 3-d model, the water of the raindrops quickly spread into the wall inside and evaporated because of the high vapour pressure at and around the wet spots. So for a higher WDR intensity, while the 1-d model allows an easy absorption, maintaining low surface vapour pressure and slow evaporation, the 3-d model yields a locally high absorption and evaporation, sustaining several scattered islands of high vapour pressure at the material surface.
Conclusions
The validity of the implementation of wind-driven rain as boundary condition in hygrothermal building envelope models was experimentally and numerically investigated and elaborated in detail.
The first part of this paper experimentally investigated the behaviour of raindrops in a few milliseconds after their impact on building material surfaces: the water drop impact on a porous material's surface (ceramic brick) was measured. The results showed that a drop with a diameter of 3.9 mm splashed at its impact and a drop with a small impact angle and speed bounced. These observations indicate that the volume of the raindrops corrected by a driving rain gauge can differ from the moisture load due to rain on the building facade, because side walls of the gauge may collect a part of the water that has splashed or bounced on the gauge, while part of the raindrops which impact the building facade may not be loaded onto the building facade due to splashing and bouncing. Furthermore splashing and bouncing can be different for facade and gauge surfaces due to different surface phenomena. Also the maximum spreading length and width of raindrops, which are the important parameters for investigating the absorption and evaporation of rain at the building facade, were determined. The spreading length increases with a decrease of impact angle and with an increase of drop diameter and impact speed; the spreading width increases with an increase of impact angle and with an increase of drop diameter and impact speed. Furthermore, the occurrence of bouncing reduces the maximum spreading length and width.
Secondly the impact angle, impact speed and specific catch ratio of the raindrops at the facade of the tower building were numerically determined and some trends were observed:  the impact angle and specific catch ratio of small raindrops are spatially widely distributed; the ones of large raindrops are spatially rather uniform;  the impact angle is often large where the specific catch ratio is large;  the impact speed of all the raindrops is spatially rather uniform regardless of the airflow speed around the building;  the impact speed of raindrops at the building facade is considerably close to their terminal speed [14, 15] ;  the impact angle, impact speed and specific catch ratio on the building facade increases with an increase of the reference wind speed when the cardinal wind is perpendicular to the building facade. When these findings are confronted with the measurement results of drop impact, for the building studied, the wind-driven rain is more important at a high location on the facade than at a low location, not only because the high location is exposed to more wind-driven rain, but also because a raindrop at the low location has often a small impact angle and thus bounces and is not entirely loaded onto the facade as a moisture source.
Finally the classical spatial and temporal averaging of the WDR load on building enclosures was compared to a precise three-dimensional simulation, in which the discrete impact of individual raindrops was modelled. The average moisture contents simulated in these two ways were quite different. In one case for a horizontal rainfall intensity of 0.1 mm/h, the simulation with the commonly used 1-d model led to an underestimation of the average moisture content due to an overestimation of the evaporation rate. In the other case for 0.5 mm/h, the simulation with the 1-d model led to an overestimation of the average moisture content due to an underestimation of the evaporation rate. Note that, in the current simulations, a part of the kinetic energy of raindrops which forces the water into the wall interior was ignored, though influences of this energy on the absorption might be of some importance. 
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